Background: The ability to modulate emotional responses, or emotion regulation, is a key mechanism in the development of mood disruptions. Detection of a neural marker for emotion regulation thus has the potential to inform early detection and intervention for mood problems. One such neural marker may be the late positive potential (LPP), which is a scalp-recorded event-related potential reflecting facilitated attention to emotional stimuli. In adults, the LPP is reduced following use of cognitive emotion regulation strategies such as reappraisal. No studies to date have examined the LPP in relation to cognitive emotion regulation in children, and whether the LPP is related to parent-report measures of emotion regulation and mood disruptions. Methods: To examine this question, high-density electroencephalograph (EEG) was recorded from 20 children (M age = 87.8 months, SD = 18.02; 10 girls) while they viewed unpleasant emotional pictures following either a directed negative or neutral interpretation of the picture. Results: As predicted, the LPP was smaller following neutral versus negative interpretations at posterior recording sites, except for younger girls (aged 5-6). The timing of this effect was later than that reported in studies with adults. For all children, greater modulation of the LPP by neutral interpretations was associated with reduced anxious-depressed symptoms, whereas larger LPPs for both interpretation types were associated with greater mood symptoms and worse parent-reported emotion regulation. Conclusions: Results suggest that the LPP may represent a clinically relevant neural marker for emotion regulation and mood disruptions.
Although there is no single agreed-upon definition of emotion regulation, broadly speaking emotion regulation refers to the ability to modify the intensity and time course of emotional experiences and expressions in order to meet goals and manage arousal (Thompson, 1994) . Among the core capacities that characterize emotion regulation, therefore, is the ability to reduce negative emotional responses; this capacity in particular may be a key mechanism in the development of mood disruptions (Cole, Martin, & Dennis, 2004; Gross & John, 2003) . For example, difficulty inhibiting an emotional response and excessive attention towards negative emotional information have been associated with mood and anxiety problems (Compton, 2003; Derryberry & Reed, 2002) and may deplete the resources available for more voluntary aspects of emotion regulation (Bishop, Duncan, Brett, & Lawrence, 2004; Hare et al., 2008; Kieras et al., 2000; Simpson et al., 2000) .
The study of emotion regulation in adults has largely focused on cognitive strategies that alter how emotional stimuli are attended to and interpreted. Reappraisal is a cognitive strategy that involves reinterpreting a negative situation or stimulus in a less negative way (Gross & John, 2003; Hajcak & Nieuwenhuis, 2006; Kalisch, Wiech, Herrmann, & Dolan, 2006; Ochsner, Bunge, Gross, & Gabrieli, 2002; Ochsner & Gross, 2005) . One example of reappraisal is interpreting a picture of someone with tears streaming down his face as crying for joy rather than sadness. Reappraisal may be a particularly effective emotion regulation strategy because it serves to change the fundamental meaning and personal significance of an emotional stimulus prior to a negative emotional response being elicited Contrasted with less optimal strategies, such as suppression, changing the personal significance of a negative stimulus is efficient and effective in adults, with few physiological or cognitive costs (Gross & Levenson, 1997; Hajcak & Nieuwenhuis, 2006; Richards & Gross, 2000) .
Neuroimaging studies have documented the neural bases of emotion regulation via reappraisal (Kalisch et al., 2006; Lévesque et al., 2004; Urry et al., 2006) . For example, when adults reinterpret an unpleasant picture in a less negative way, amygdala activity to the unpleasant picture is reduced while activity of lateral prefrontal cortical areas is enhanced (Ochsner et al., 2002) . Although neuroimaging studies provide excellent spatial resolution to detect specific cortical areas associated with successful emotion regulation, techniques such as fMRI rely upon the hemodynamic response, which is tracked second by second. Affective processes, however, also occur on the order of milliseconds, and thus neuroimaging data may lack the temporal resolution to capture some of the earliest processes related to emotion regulation (Banaschewski & Brandeis, 2007; . Scalp-recorded event-related potentials (ERPs), because of their excellent temporal resolution (on the order of milliseconds), are particularly well-suited to measuring rapid affective and cognitive processes associated with emotion regulation. For instance, a recent ERP paper examining the time course of these effects suggests significant changes in neural activity approximately 500 ms following the onset of emotion regulation instructions (Hajcak, Dunning, & Foti, 2009) . However, there is a dearth of studies using ERPs to examine cognitive emotion regulation strategies, particularly in children.
Identifying biomarkers for emotion regulation in children has the potential to provide an important adjunct to behavioral measures of emotion regulation by revealing mechanisms in emotion regulation, shedding light on the time course of affective processing, and providing a potential marker for regulatory difficulties that can inform early detection and intervention efforts. The goal of the current study was to examine whether directed reappraisals serve to reduce an ERP associated with affective processing in children, and whether this modulation of the neural response is associated with more adaptive emotion regulation.
The late positive potential (LPP) is an ERP that reflects facilitated attention to emotional stimuli (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Schupp et al., 2000; Schupp, Junghöfer, Weike, & Hamm, 2004) . The magnitude of the LPP is greater when individuals view emotionally arousing compared to neutral pictures. Recently, it has been demonstrated in adults that the LPP to unpleasant pictures is reduced when a more neutral interpretation of the picture is given . The reduced LPP following a directed reappraisal therefore may reflect reduced emotional responses due to emotion regulation instructions. Such reductions may result from shifts in meaning as well as the recruitment of prefrontal cortical resources associated with effective cognitive control (Ochsner & Gross, 2005) .
Current theories of child temperament and emotion regulation focus on the dual role of reactivity and regulation (Derryberry & Rothbart, 1997; Posner & Rothbart, 2000) . That is, emotion regulation emerges out of a child's tendency to emotionally react to a stimulus combined with the ability to modulate that response. The LPP, because it is enhanced to affective versus neutral stimuli, reflects the arousal properties of an emotional stimulus, but can also be used to track an individual's responsiveness to that emotional material over time, including the ability to regulate his or her response. Exploring the time course and topography of the LPP may therefore provide insights into whether appraisal influences relatively early initial reactivity to an emotional stimulus or whether reappraisal has an impact on later and presumably more regulated stages of affective processing Hajcak & Nieuwenhuis, 2006) . For example, in one study with adults , the LPP was reduced when unpleasant pictures were described in neutral rather than negative terms beginning in a relatively early time window (from 400 to 1000 ms), maximal at posterior/superior recording sites. In fact, from 1000 ms, unpleasant pictures preceded by neutral descriptions had identical LPPs to neutral pictures. In addition, there was a spatial shift over time such that the LPP was maximal at posterior-superior recording sites in the early window but shifted to being comparable at posterior and anterior recording sites during the middle and late windows. These spatial-temporal patterns are consistent with other studies of the LPP and cognitive emotion regulation in adults (Hajcak & Nieuwenhuis, 2006; Moser, Hajcak, Bukay, & Simons, 2006) , but it is unclear whether children show similar patterns. Overall, then, the LPP can be meaningfully divided into multiple time windows which show differential sensitivity to reappraisal and distinct spatial topography from predominantly posterior-superior sites to equally anterior and posterior sites. Moreover, the early modulation of the LPP suggests that rapid and automatic responses to emotional stimuli can be altered by reappraisal and changes in affective meaning.
The current study is based upon a larger project examining the LPP and emotion regulation in children. In another manuscript based on this project (Hajcak & Dennis, 2009) we document similarities as well as differences between adults and children in the timing and topography of the LPP during passive viewing of unpleasant, pleasant, and neutral emotional pictures Hajcak & Nieuwenhuis, 2006; Schupp et al., 2004) . Like adults, children showed an enhanced LPP to unpleasant and pleasant compared to neutral pictures by 500 ms; in adults, however, these differences tend to be significant as early as 200-300 ms after a picture is presented. In addition, although both adults and children show a shift over time from predominantly posterior cortical activity to equally distributed anterior-superior activity, changes in children's early LPP due to the emotional content of pictures included both occipital and parietal recording sites and thus may be more occipitally maximal than in adults. This later and more broadly distributed recruitment of cortical activity during emotion processing may be due in part to ongoing changes in cortical development (Casey, Giedd, & Thomas, 2000; Segalowitz & Davies, 2004) .
To date, no studies have examined whether the LPP is sensitive to directed cognitive emotion regulation in children. The LPP may be particularly well suited for examining cognitive emotion regulation in children because of its excellent temporal resolution and relative ease of administration compared to functional neuroimaging. Therefore, the goal of the current study was to build upon our previous demonstration that the LPP in children is sensitive to emotional content during passive picture viewing (Hajcak & Dennis, 2009 ) by examining changes in the LPP during directed cognitive emotion regulation. We will test whether changes in the LPP due to reappraisal are associated with independent measures of child positive and negative emotion regulation and with internalizing problems including symptoms of anxiety and depression, somatic complaints, and withdrawal.
Because girls have been shown to be at greater risk for mood disruptions later in life (Brooks-Gunn & Warren, 1989) , it was also of interest to examine whether boys and girls differ in the ability to recruit cortical resources in the context of emotion regulation. For example, girls may show higher reactivity to negative emotional stimuli both in terms of subjective arousal and in terms of enhanced limbic versus prefrontal brain activity (Hall, Witelson, Szechtman, & Nahmias, 2004) . This neural pattern implies that girls compared to boys recruit fewer cognitive control resources during affective processing, and thus regulatory capacity may be reduced. Thus, we tested whether girls compared to boys show greater reactivity and reduced regulation while viewing unpleasant pictures that are described in either negative or neutral terms: greater reactivity would be indicated by larger amplitude LPPs when presented with unpleasant pictures described in negative terms, whereas reduced regulation would be indicated by larger LPPs when presented with unpleasant pictures described in neutral terms. Because ERPs related to effortful cognitive processes, like reappraisal, vary with age due to increased cognitive control in older children (Lewis, Lamm, Segalowitz, Stieben, & Zelazo, 2006) , we also examined whether gender differences in the LPP were moderated by child age.
There were three hypotheses: (a) Neutral compared to negative descriptions of unpleasant pictures will reduce the amplitude of the LPP during picture viewing; (b) Gender differences will emerge such that girls compared to boys will show larger amplitude LPPs -enhanced reactivity may be marked by greater LPPs following negative descriptions and reduced regulation may be marked by greater LPPs following neutral descriptions; these gender effects may be enhanced among younger children due to relatively immature cognitive development; and (c) Reduced modulation of the LPP by neutral interpretations and larger amplitude LPPs overall will be associated with maternal report of greater emotion regulation problems and mood symptoms in children.
Method

Participants
Participants were twenty-five 5-to 10-year-old children (12 male, 13 female). There were ten 5-to 6-year-olds, six 7-to 8-year-olds, and four 9-to 10-year-olds. We chose to include this age range because early school age is a period marked by the cognitive and neural development needed to perform well under the attentional processing demands imposed by the experimental task (Casey et al., 2000) . Data from 5 subjects (3 females) were excluded due to movement artifacts leading to poor quality EEG recording. The final sample of 20 was comprised of 10 males (mean age = 85.60 months, SD = 14.95) and 10 females (mean age = 90.00 -months, SD = 21.24). All participants' families were paid $50 for their participation.
Stimulus materials
A total of 30 developmentally appropriate pictures were selected from the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2005) . These pictures depicted unpleasant scenes (e.g., disaster scenes, frightening animals).
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The task was administered on a Pentium D class computer, using Presentation software (Neurobehavioral Systems, Inc., Albany, CA) to control the presentation and timing of all stimuli. Each picture was displayed in color and occupied the entirety of a 19-in (48.26 cm) monitor. At a viewing distance of approximately 24 in (60.96 cm), each picture occupied approximately 40°of visual angle horizontally and vertically.
Procedure and measures
After consent procedures (parents signed consent documents and children gave verbal consent), electroencephalograph (EEG) sensors were attached and the participant was given detailed task instructions. Following passive viewing of the pictures used in the reappraisal paradigm, participants took part in the 15-minute directed interpretation procedure. Children were instructed, 'For our next game we're going to see these same pictures. Listen to the stories and think of the pictures so that they match the stories. Remember to stay still and look at the screen. Try to match the story to the picture.' Each picture was presented for 2000 ms, following which an audio recording of either a negative or neutral interpretation of the story 1 was played for approximately 5-7 seconds while a fixation mark (+) was presented on the blank screen. The same picture was then presented again for 2000 ms. EEG to the second picture presentation was used to generate LPP following negative and neutral interpretations. In this way, participants were provided with interpretations 1 Online Appendix A presents negative and neutral interpretations for each picture. The following IAPS pictures were used: 1050, 1120, 1201, 1300, 1321, 1930, 2120, 2130, 2688, 2780, 2810, 2900, 3022, 3230, 3280, 5970, 6190, 6300, 7380, 9050, 9250, 9404, 9421, 9470, 9480, 9490, 9582, 9594 , 9600, and 9611.
The late positive potential and emotion regulation that could influence stimulus meaning rather than be asked to generate an interpretation. Each of the 30 pictures was presented twice along with the same interpretation. However, to prevent a potential confound based on the effect of the initial interpretation type, one block of 30 pictures started with either an initial negative or neutral interpretation, and the other block with the other type of interpretation. Following the initial picture, the order of picture presentation was completely random. Participants received equal numbers of both negative and neutral interpretations (15 each, presented twice). Whether a given picture was associated with a negative or neutral interpretation alternated between subjects.
Psychophysiological recording and data reduction. EEG was continuously recorded using the ActiveTwo BioSemi system (BioSemi, Amsterdam, Netherlands). Recordings were taken from 64 scalp electrodes based on the 10/20 system, as well as two electrodes placed on the left and right mastoids. The electrooculogram (EOG) generated from blinks and eye movements was recorded from four facial electrodes: two approximately 1 cm above and below the subject's left eye, one approximately 1 cm to the left of the left eye, and one approximately 1 cm to the right of the right eye. As per BioSemi's design, the ground electrode during acquisition was formed by the Common Mode Sense active electrode and the Driven Right Leg passive electrode.
EEG and EOG signals were sampled at 512 Hz. All data were re-referenced off-line to an average mastoid reference and filtered with a high pass frequency of .2 Hz and a low pass frequency of 30 Hz. The EEG was segmented for each trial, beginning 500 ms before each picture onset and continuing for 2500 ms. The raw EEG epochs were passed through a computerized artifact scan batch to correct artifacts using Brain Electrical Source Analysis version 5.1 (BESA; MEGIS Software GmbH, Munich, Germany). After artifact correction, trials that still included EEG or EOG activity with a voltage step of more than 50 lV between sampling points, or trials with voltages remaining above ± 100 lV, were excluded from further analysis.
ERPs were constructed by separately averaging the two interpretation types (negative, neutral). For each ERP average, the mean amplitude in the 500 ms window prior to picture onset served as the baseline. For analyses of the LPP, the spatial dimensions of the data set were reduced by creating eight clusters of electrodes with five electrodes in each. There were three two-level regional clusters: left versus right hemisphere, anterior versus posterior, and inferior versus superior (Dien & Santuzzi, 2005) . The left/right anterior-superior clusters included electrodes AF3/4, F1/2, F3/4, FC1/2, and FC3/4; the left/right anterior-inferior clusters were defined by electrodes AF7/8, F5/6, F7/8, FC5/6, and FT7/8; the left/right posterior-superior clusters included CP1/2, CP3/4, P1/2, P3/4, and PO3/4; the left/right posterior-inferior clusters included CP5/6, P5/6, P7/8, PO7/8, and TP7/8. Figure 1 shows the electrode positions. Based on visual inspection, the LPP was defined as the mean amplitude in three time windows following stimulus onset for the picture after the directed interpretation: 300-600 ms (early window), 600-1000 ms (middle window) and 1000-2000 ms (late window). Trial acceptance rates ranged from 50 to 86% of trials (15-26 trials) for each interpretation type, M trials = 19.85 (66.17%), SD = 2.93 (9.75%). Trial acceptance rates did not differ between negative and neutral interpretations (67% and 71% respectively), and did not differ due to child age (younger children, ages 5-6: 65% and older children, ages 7-10: 67%) or gender (girls 64% and boys 68%).
Maternal report of child emotion regulation. Mothers completed the Emotion Regulation
Checklist (Shields & Cicchetti, 1998) . This 24-item questionnaire concerns children's reactions to emotional challenges and regulation of a wide range of emotions. Two subscales were calculated based on measure developers' guidelines, which have been shown to converge with other measures of emotion regulation (Shields & Cicchetti, 1998) : emotion dysregulation (a = .70), which was comprised of items including 'is prone to angry outbursts/tantrums easily' and 'exhibits wide mood swings'; and positive regulation (a = .60), comprised of items including 'can say when s/ he is feeling sad, angry or mad, fearful or afraid.' Items were rated on a 1-4 scale.
Maternal report of child mood disruptions. The Child Behavior Checklist (Achenbach & Maruish, 1999 ) was used to measure child mood disruptions. It is a standardized assessment of child internalizing and externalizing problems. Parents responded to 118 items describing child behavior, and rated each item as being not true to very true for their child on a 0 to 2 scale. Given the hypothesized association between emotion regulation and mood disruptions, we examined t-scores from the internalizing and externalizing problems subscales as well as three internalizing subscales: Anxious-Depressed (e.g., feelings of worthlessness, fear or nervousness, and crying), Withdrawn-Depressed Behavior (e.g., lacking energy, enjoying few activities, and being socially withdrawn), and Somatic Complaints (e.g., nightmares, dizziness, and vomiting). 
Results
The late positive potential (LPP) Figure 2 presents the stimulus-locked LPPs at anterior and posterior electrode clusters (the mean amplitude of the 5 electrodes included in each cluster).
Children were divided into younger and older groups based on a median split. There were 10 younger children (aged 5-6) and 10 older children (aged 7-10). There were 5 boys and 5 girls in each age group. A 2 (Child Gender) · 2 (Child Age) 2 (Left Hemisphere-Right Hemisphere) · 2 (Anterior-Posterior) · 2 (Inferior-Superior) · 2 (Negative Interpretation -Neutral Interpretation) repeated measures ANOVA was conducted separately for the early LPP, middle LPP, and late LPP. Greenhouse-Geisser corrections were applied to p values associated with multiple-df, repeated measures comparisons.
Early window (300 to 600 ms). The overall amplitude of the LPP was larger at posterior and superior recording sites (Anterior-Posterior · Inferior-Superior F(1,16) = 5.12, p < .05, partial g 2 = .24). The difference between superior and inferior recording sites, however, was more pronounced Middle window (600 to 1000 ms). The amplitude of the LPP in the middle window was larger at posterior and superior recording sites (AnteriorPosterior · Inferior-Superior F(1,16) = 7.93, p = .01, partial g 2 = .33) and in the right hemisphere (Hemisphere F(1,16) = 5.44, p < .05, partial g 2 = .25). There was a significant interaction between Interpretation Type and Child Gender (F(1,16) = 5.32, p < .05, partial g 2 = .25), indicating that only boys showed larger LPP amplitudes following negative versus neutral interpretations (t(9) = 2.19, p = .05; boys' negative M = 7.55, SD = 4.03 versus neutral M = 3.85, SD = 5.23 and girls' negative M = 1.93, SD = 7.03 versus neutral M = 5.65, SD = 5.17). Counter to prediction, boys versus girls showed larger LPP amplitudes following negative interpretations (t(18) = 2.17, p < .05) and showed a greater difference between negative and neutral interpretations (t(18) = 2.39, p < .05). 24) showed that these gender differences were attributable to younger girls. Younger girls showed smaller LPP amplitudes following negative interpretations and larger LPP amplitudes following neutral interpretations compared to older girls and younger and older boys (all p's < .05). When younger girls were excluded from analyses, both boys and girls showed larger LPP amplitudes following negative versus neutral interpretations (t(14) = 2.08, p = .057; negative M = 5.48, SD = 5.14 versus neutral M = 2.75, SD = 4.87) and the differences between girls and boys for LPPs following negative interpretations and for the negativeneutral interpretation difference score did not reach significance (all t's < 1). There were no significant age or gender differences in LPP amplitudes following neutral interpretations.
In addition, in the middle window Interpretation Type interacted with all spatial dimensions and Child Gender (F(1,16) = 8.81, p < .01, partial g 2 = .36), but not with Child Age. Post-hoc tests showed that for boys alone, the LPP was smaller following neutral versus negative interpretations at left posterior-superior recording sites (t(9) = )2.17, p = .05) and at left and right posterior-inferior recording sites (t(9) = )4.18, p < .01 and t(9) = )5.33, p < .01, respectively). Among girls, Interpretation Type (negative versus neutral) did not modulate the LPP in the middle window. As predicted, however, when girls were compared to boys, girls showed significantly diminished LPP difference scores in posterior recording sites (negative -neutral interpretations; t(19) = 5.71, p < .05), but counter to prediction, also showed smaller amplitude LPPs after negative interpretations in the right posterior hemisphere (t(19) = )4.23, p = .05).
In summary, the magnitude of the LPP was greater following negative versus neutral interpretations for posterior recording clusters in the middle window, but only among boys. Moreover, boys versus girls showed greater magnitude LPPs following unpleasant interpretations, and girls showed reduced LPP differences scores; Child Age effects, however, suggest that these gender differences were attributable to younger girls.
Late window (1000 to 2000 ms).
In the late window, the LPP was largest at anterior recording sites (Anterior-Posterior F(1,16) = 29.45, p < .001, partial g 2 = .65), particularly in right superior versus left superior sensors (Anterior-Posterior · InferiorSuperior · Hemisphere F(1,16) = 6.21, p < .05, partial g 2 = .28; all post-hoc tests p < .05). Other main effects and interactions did not reach significance. Thus, by the late window, the LPP was maximal at right superior-anterior sensors but was not sensitive to interpretation type. Table 1 reports mean scores for child internalizing and externalizing problems, specific mood symptoms (withdrawn, anxious-depressed, and somatic complaints), and emotion regulation (positive regulation and dysregulation). Because boys consistently showed the expected modulation of the LPP via reappraisal (in the middle window), we examined whether boys and girls differed in terms of maternal report of child mood problems and emotion regulation. No significant gender differences emerged. 
Maternal report of child affective individual differences
Associations between LPP and emotional well-being
To examine associations between the LPP and mood disruptions or emotion regulation, LPP amplitudes after negative or neutral interpretations and negative -neutral interpretation difference scores in the early, middle, and late windows were correlated with maternal report of child affective individual differences. Although the effect of interpretation type on the LPP was not consistent across all children or all time windows, the difference score may still reflect meaningful individual differences in children's reactivity to and regulation of their response to affectively charged pictures and thus may be related to emotional well-being. In addition, examining correlations with LPP amplitudes for each interpretation type separately will allow us to capture affective processing under distinct emotional conditions and aid interpretation of correlations between the difference score and emotional well-being.
Based on analyses of the spatial distribution of the LPP, average LPP amplitudes were calculated for the early and middle windows at posterior-superior recording sites and for the late window at anteriorsuperior recording sites. Averages were computed separately for negative and neutral interpretations. This yielded a total of six scores (3 levels of time window · 2 levels of interpretation type) and three difference scores (negative -neutral interpretation for each time window). Outliers (scores greater or less than two SD from the mean) were excluded from analyses. Zero-order correlations are reported in Table 2 .
During the early window, larger LPP amplitudes following neutral interpretations were associated with greater anxious-depressed symptoms. Larger difference scores (LPP negative -LPP neutral), on the other hand, were associated with reduced anxiousdepressed symptoms.
During the middle time window, larger LPP amplitudes following negative interpretations were associated with reduced positive regulation and greater dysregulation. Larger difference scores were also associated with reduced positive regulation. This effect appeared to be due to changes in the LPP following negative interpretations, since the LPP following neutral interpretations was not significantly correlated with positive regulation.
During the late time window, larger LPP amplitudes following negative interpretations were associated with more somatic complaints, whereas higher LPP amplitudes following neutral interpretations were associated with greater withdrawal.
Discussion
This was the first study to demonstrate that a cognitive emotion regulation strategy modulated the LPP in children. Specifically, the LPP to unpleasant pictures was decreased when unpleasant pictures were described in a more neutral versus negative manner. This effect was significant in the middle window for all children except younger girls (aged 5-6). In addition, the amplitude of the LPP following directed interpretations was associated with child emotional well-being: larger amplitudes were correlated with increased symptoms of anxiety, depression, somatic complaints, and withdrawal, and greater signs of emotion dysregulation. Taken together, results suggest that the LPP during cognitive emotion regulation may be a clinically relevant biomarker for emotional reactivity and regulation capacities related to mood disruptions. In addition, although this study's small sample size limited our ability to explore the effects of gender and age and requires that we interpret findings with caution, the LPP may be sensitive to gender and age differences in the development and pathophysiology of reactivity, regulation, and mood problems. The goal of this study was to provide a preliminary examination of the LPP as a new biomarker for emotion regulation in children. Future research should examine links between the LPP and The late positive potential and emotion regulation emotional well-being and emotional disruptions with larger samples, clinical samples, and in studies with a longitudinal design. The timing of changes in the LPP due to directed interpretations showed both similarities and differences with adults Hajcak & Nieuwenhuis, 2006; Moser et al., 2006) . In the current study, only the LPP during the middle window (600 to 1000 ms) was decreased after neutral versus negative interpretations. Adults appear to show modulation of the LPP by reappraisal both as early as 400 ms and as late as 3000 ms . However, in the current study, the LPP was measured only up to 2000 ms, and thus the presence of later sensitivity of the LPP to cognitive emotion regulation cannot be evaluated. Compared to previous studies with adults, then, children (except for younger girls) showed a similar decrease in the LPP following neutral interpretations, although the timing of this effect was later than in adults and limited to the 600-1000 ms window. This suggests that children may have greater difficulty initiating shifts in meaning via appraisal at the earlier and relatively automatic stages of affective processing. That is, they may be less practiced and less efficient in using cognitive reappraisal. In addition, children may not be able to sustain these shifts in meaning through to more elaborated and effortful stages of processing. This question, however, requires further study, including a comparison sample of adults and extended measurement into later stages of the LPP in children.
In terms of general spatial-temporal patterns, children, like adults, showed maximal LPP amplitudes at posterior-superior recording sites in early time windows Hajcak, Dunning, & Foti, 2007; Hajcak & Nieuwenhuis, 2006) , but by the late window (1000-2000 ms), the LPP was broadly distributed across anterior recording sites. Because cognitive emotion regulation did not modulate the LPP when it was maximal in anterior recording sites, it may be that children show reduced recruitment of prefrontally mediated cognitive control resources. Although the current study did not detect age-related differences in the anterior distribution of the LPP, other studies have shown agerelated changes in anterior ERPs, suggesting that older children are better able to recruit cognitive resources in the service of emotion regulation (Ladouceur, Dahl, & Carter, 2007; Lewis et al., 2006; Lewis, Todd, & Honsberger, 2007) .
The sample size of the current study was small and thus gender effects should be interpreted with caution. It was hypothesized that, if girls are more reactive to and less efficient at regulating their responses to unpleasant emotional stimuli (Hall et al., 2004) , then this might be reflected in greater LPP amplitudes in response to both negative and neutral interpretations. However, results only supported this hypothesis in part, and just for younger girls. Compared to younger girls, both boys and older girls showed larger LPP amplitudes after negative interpretations in the middle time window, suggesting greater attentional processing and reactivity. On the other hand, as predicted, younger girls showed relatively larger LPP amplitudes to pictures following neutral interpretations and diminished LPP difference scores (negative -neutral interpretations) suggesting reduced regulation.
Thus, overall, younger girls showed smaller LPPs to unpleasant interpretations, larger LPPs to neutral interpretations, and reduced LPP difference scores compared to both boys and older girls. This raises several possibilities. One is that younger girls might have experienced the pictures and their negative interpretations as more distressing and thus spontaneously shifted their attention away from the task, resulting in smaller LPPs.
In addition, younger girls may have had difficulty reappraising via the neutral interpretations, and thus LPPs remained larger compared to the other children. This may indicate relative cognitive immaturity among this group of 5-6-year-old girls, or just decreased task engagement, both of which would decrease their ability to benefit from reappraisal. Future research should examine cognitive emotion regulation applied to pleasant, unpleasant, and neutral emotional picture to further explore this possibility. Although the interaction between child gender and age emerged during the middle time window, it was not consistent (e.g., child age did not moderate the interaction between child gender and spatial dimensions of the LPP). Thus, to fully evaluate age and gender effects, it will be critical for future research to include larger samples of girls across a range of ages. In the current study, although results are suggestive, we did not have adequate power to fully examine neural and behavioral differences between girls and boys.
Correlations with maternal report of child mood disruptions and emotion regulation provide further evidence that the LPP is sensitive to clinically relevant affective processes. Modulation of the LPP by neutral interpretations was consistent only for boys in the middle time window; thus correlations between difference scores and emotional well-being for all children and across time windows should be interpreted with caution. However, those boys and girls who showed relatively smaller LPPs to neutral versus negative interpretations in the early time window showed decreased maternal report of anxiousdepressed symptoms. LPP amplitudes to both neutral and negative interpretations were also significantly correlated with child emotional well-being: The LPP during the early window was associated with anxiousdepressed symptoms, the LPP during the middle window with emotion regulation and dysregulation, and the LPP during the late window with somatic complaints and withdrawal. Interestingly, in the middle window, greater difference scores were correlated with reduced positive regulation, although in this case larger difference scores were likely due to greater LPPs to negative interpretations rather than effective down-regulation of the LPP via neutral interpretations. In addition, no correlations with externalizing problems emerged, suggesting specific associations with affective individual differences.
The specificity of these associations between each time window and distinct outcomes is intriguing. It may be that enhanced affective processing in earlier and more automatic stages (the early window) is a core mechanism in the development of mood-related symptoms such as anxiety; in contrast, more elaborated and conscious affective processing in later time windows may be more relevant to symptoms involving behavioral regulation (somatic complaints and withdrawal). Moreover, it seems that the LPP during the middle window, when effects of interpretation type on LPP emerged, were specifically associated with the types of emotion regulation behaviors that parents observe in their children. Future research should examine the unique function of affective processing from 600 to 1000 ms in relation to the ability to adapt to emotional challenges.
To our knowledge, this is among the first studies to have documented associations between the LPP and emotion regulation, although previous research has shown enhanced LPPs in clinical populations, such as those with specific phobia (Miltner et al., 2005) . Because of the small sample size, these findings are preliminary and require further replication. However, these early results highlight the potential of the LPP as a biomarker for emotion regulation that relates to risk for specific mood and behavioral problems. Future research should systematically examine the LPP in relation to a range of clinical symptoms and multiple emotion regulation strategies. This is an important goal because such research might aid in the identification of mechanisms of emotion regulation that create risk for specific disorders (Davidson, Pizzagalli, Nitschke, & Putnam, 2002; Lewis et al., 2006; Stieben et al., 2007) .
The current study used a method similar to that used in studies of reappraisal (Ochsner et al., 2002; Ochsner & Gross, 2005) . One important difference was that the interpretation in the current study was not truly antecedent focused (Gross, 1998) because pictures were presented prior to stories so that children could better attend to and understand the interpretations. This method, however, does capture the ability to volitionally interrupt an ongoing emotional response, which may be particularly compromised among children who are impulsive or prone to mood disorders. Future research should compare a range of antecedent-and response-focused strategies, including reappraisal, directed attention, and suppression in order to examine whether this methodological factor influenced results.
Because we did not gather self-report data on children's mood, we are missing an important source of information about children's subjective affective vulnerabilities. Another limitation was that, in order to keep the task brief so as to not overtax young children's attentional capacities, there was not a neutral picture viewing condition; thus it is unclear whether the LPP showed valence and arousaldependent modulation. Also, although the stimuli used in this study have been rated by adults, children did not subjectively rate the stimuli. Piloting indicated children at this age have difficulty rating arousal and valence using the self-assessment mannequin or SAM rating system. Thus it is not clear that unpleasant pictures were perceived as such by the children -although previous findings suggest that they do (cf., Hajcak & Dennis, 2009) .
In summary, this is the first study to examine the sensitivity of the LPP to directed cognitive emotion regulation in young children. The excellent temporal sensitivity of the LPP allowed us to detect potential similarities and differences between children and adults in the recruitment of early and later cognitive mechanisms in emotion regulation. Future research should examine whether the LPP is sensitive to individual differences in the development of emotion and emotion regulation over time, and whether it reflects mechanisms in the development of mood and anxiety disorders. Results of this early study hold the promise of identifying the LPP as a clinically useful measure to detect early risk or resilience for problems with emotion regulation.
